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(£) Optical element and process for producing the same. 

© An optical element comprising a polymer liquid crystal composition having an optically anisotropic multi- 
domain structure which is formed by crosslinking a composition containing a polymer liquid crystal. Since the 
multi-domain structure is stabilized by crosslinking. the element exhibits excellent reproduc.bil.ty in restor.ng 
white turbidity. 
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FIELD OF THE INVENTION 

™l S , inVent H n relat6S '° 3 n0VSl ° Pti0al 6lement com P ri ^9 * Polymer liquid crystal composition a 

BACKGROUND OF THE INVENTION 

,o m J?ZVlT CryS !. a,S c have been studied for ^eir applicability as novel functional material to recording 
term 4 A- a f , L7h *" * reCOr6 '^ media is disclosed * ^-59-10930 ( e 

22306C L frJSfr TTT Unexamined P ublished Ja P^e patent application", and JP-A-Bs! 
223060, and application to d.splay media is disclosed in JP-A-62-141 14 JP-A-2-2513 Pnlvm r nmm ,„ 
Vol. 24, p. 364 (1993), and Japan Display , p. 260 (1986). 2513, Polym. Commun. , 

In particular, a reversible recording medium using a polymer liquid crystal whose liqht scatterino 
'5 property can be changed reversibly by application of heat with a thermal head or by a Lf beam so as 
o record or erase information repeatedly was proposed as disclosed in JP-A-2-57396 a d jpl 6 ,8866 
and it has been expected to put it to practical use ' 

vo. TT^nZu 0 M linkin9 po !r er 'r id crystals are disciosed in Mac <°™ 1 *™« ^..n 

>o U37 MPfto iZ m '„ TZt Ch6m ' ' V0L 66A P ' 188 (,987) ' Ange w. Chem. Adv. Mater vm mi P 
1 T\ Makr ° m0L Chem - Vo1 - 187 - P- '9'5 (1989). Crosslinked polymer liquid crystals are 
expected to be applicable as elastomers, novel tight modulation elements or display element^ Further a 
display devi ce res.stan, against damage due to contact with a thermal head is disc osed inTp-A 2 42415 in 
The o eTen! T ^ havin 9 a '^ id ™*» the main chain thereof is crosslinked 

The present inventors previously proposed a light conversion element comprising a side chain tvce 

compose rt::T:T^^r Stal ^r 06 3 n ° n - |iqUid ^J^ls 2? cSn 
components („ee JP-A-4-218024) and a reversible display medium having a polymer liquid crystal lav P r 
comprising a s,de chain type polymer liquid crystal (see JP-A-6-18866) V 

for JSnSf , C0, ; Venti0na ' ° PtiCal elemen,S or media usi "9 P°'y^er liquid crystals, those utilizing heat 
or recordmg/d.splay/erasure have poor reproduction of optical characteristics due to unevenness o 
temperature or cooling rate. In an optica, element which utilizes light scattering for displaying or^3ina 
•n particular, since the light scattering, i.e., the whiteness greatly depends on the cooling 7ai SteTSe^a 
accurate control of cooling rate is demanded in order to obtain uniform light scZiT JZleTZ 
unevenness of light scattering properties stil. occurs in elements having a large ^Z l^ZTer Te 

I Terl^ X 3 T SP6ed ° f r6COrdin9 " eraSUr6 ' taki "9 time ' or ^ordin'g or "asu^ n s ng 
a thermal head, either one of recording and erasure cannot be conducted at a high speed 

Hi Jlr™ n ', Si ? C6 ! P0 ' ymer ' iqUid ° ryS,alS have broad molecular wei 9 h « distribution showing a Gauss 
distr.but.on simHarly to general-purpose polymers, they are interior to low-molecular weight liZ crystals 

F 0 r ziz :tt mat r ial : n pa,t of ,heir physicai proper,ies and ™^ p^~ 

For example, the change by phase transition of polymer liquid crystals is broad as compared with the steep 
t 0b h SerV l ^ '° w - molecular wei 9 ht crystals. This results in such problems as low display 
contrast when the polymer liquid crystal is used as a recording medium. That is the broad change from 
o T* t0 H iSO,ropicphase « vice ^ the phase transition temperature Jreco ng I I 

to eductions ,n recording sensitivity and recording speed. Additionally, the broadness of molecular weigh! 
distribution means broadness of the glass transition point which influences preservability of recorded 
information, resulting in a reduction of record preserving temperature. 

SUMMARY OF THE INVENTION 

An object of the present invention is to solve the above-mentioned problems associated with conven- 
tional technique using polymer liquid crystals as an optical element material 

An object of the present invention is to provide an optical element exhibiting excellent light scatterino 
properties, greatly improved reproducibility of recording/erasure performance, increase speed I ecTd 
ing/erasure, and .mproved optica, characteristics and an optica, recording device utilizing t.e opSl 

Another object of the present invention is to provide a process for producing an optical element 
comprising a light scattering composition essentially comprising a polymer liquid crystal, by which process 

E ^Trr diS ? y Charac,eris,ics ' °P |ical characteristics such as light "controlling chai acte i 
tics, reproducibility of recording/erasure performance, and display uniformity can be obtained. 
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Optical elements utilizing polymer liquid crystals, such as display elements and recording media, have 
been studied for their practical applicability because they are capable of repeatedly displaying/recording 
and erasing information and preserving the record. However, an optical element having both an area 
incapable of repetition of recording/erasure (an unerasable image) and an area capable of repetition of 
5 recording/erasure (an erasable image) is unknown. 

Accordingly, a further object of the present invention is to provide a method for forming an unerasable 
image on an optical element comprising a light scattering composition essentially comprising a polymer 

liquid crystals. , , iU ... 

: A still further object of the present invention is to provide an optical element prepared by the method 
70 which has both an erasable image and an unerasable image. 

A yet further object of the present invention is to provide a recording medium comprising a polymer 
liquid crystal having a specific molecular weight distribution and thereby having excellent sensitivity, 
excellent-display contract, and improved record preservability. 

In this way, the present invention includes the following embodiments (i) to (v). 

(i) The optical element according to the present invention comprises a polymer liquid crystal composition 
having an optically anisotropic multi-domain structure which is formed by crosslinking a composition 
containing a polymer liquid crystal. 

The optical element using the above-mentioned optical element comprises a substrate having 
thereon the crossiinked polymer liquid crystal composition (hereinafter referred to as a polymer liquid 
crystal layer) having an optically anisotropic multi-domain structure which is formed by crosslinking a 
composition containing a polymer liquid crystal, and a protective layer thereon. 

(ii) Another optical element according to the present invention comprises a crossiinked composition 
containing a polymer liquid crystal comprising a copolymer containing a mesogen monomer unit and a 
norvmesogen monomer unit, in which a liquid crystal component and a non-liquid crystal component are 

25 separated in independent phases to form a multi-domain structure as a whole. 

(iii) The optical element and the process for producing the same, which comprises subjecting a polymer 
liquid crystal composition to heat treatment to control a multi-domain structure and crosslinking the 
composition while retaining the multi-domain structure. The process is characterized in that a light 
.scattering composition essentially comprising a polymer liquid crystal is heat treated so as to have a 

30 .multi-domain structure (internal microstructure) having a desired domain size distribution and the 
composition is then crossiinked while maintaining the multi-domain structure. 

(iv) Still another optical element and the image formation method comprises a polymer liquid crystal 
composition having previously formed thereon an unerasable image showing no light scattering prop- 
erties by forming an image having no light scattering properties on at least a part of the element and 

35 then crosslinking the composition to make the image having no light scattering properties unerasable. 

(v) The optical element according to the present invention comprises a polymer liquid crystal composi- 
tion containing a polymer liquid crystal having a weight average molecular weight to number average 
molecular weight ratio (Mw/Mn) of not more than 4.0. 

Another optical element according to the present invention comprises a substrate having thereon a 
recording layer in which the recording layer is formed by molding a polymer liquid crystal having a weight 
average molecular weight to number average molecular weight ratio (Mw/Mn) of not more than 4.0 and then 
crosslinking the polymer liquid crystal. 

The polymer liquid crystal used in the above recording media is preferably a copolymer of a mesogen 
monomer and a non-mesogen monomer. 



40 



45 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figs. 1 through 4 are each a schematic cross section of an optical element. 

Fig. 5 is a plane view of an optical element having formed thereon an erasable image and an 
so unerasable image. 

DETAILED DESCRIPTION OF THE INVENTION 

The terminology "optically anisotropic multi-domain structure" as used herein denotes a structure 
55 formed of a composition containing a polymer liquid crystal, the structure being made of a plurality of 
domains showing optical anisolropy such as birefringence. Formation of such domains is attributed to 
difference in orientation of liquid crystal molecules in the inside of a polymer liquid crystal composition. 
That is, liquid crystal molecules in a single domain are oriented substantially in one direction. Molecular 
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^ { ^^7"rZ?Z^T ' T S ° tr0Py ° f d ° main ' makin9 " 1e d0mai " ^.inguish- 
JT!|m,k ! ! J™" 9 8 rMC " ve 9roup as <"» °°"W»i<h« of thsi, main chain or side chain „e also 

benzoa e skeleton ? vHnhJ ?k h ^"y'PVri mi din e skeie.on, a diphenylace.ylene skeleton, a bipheny* 
oenzoate skeleton, a cyclohexylbiphenyl skeleton or a terphenyl skeleton, to which a reactive nmun «,„! 



35 



45 



CH 2 =C(R)-COO-(CH 2 ) k -0-A (I) 
CH 2 =CH-(CH 2 ) k -0-A (II) 
CH 2 =C(R)-CO-OA (III) 

fO-Si (CH 3 )i 

CH 2 --CH 2 fCH 2 ) k -0-A (IV) 

Tn™t R rePr6SentS 3 hydr ° 9en at ° m ° r 3 methy ' ^ k ^ents an integer of from 1 to 30- and A 
represents a mesogen selected from structures (a) to (k): and A 
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(a) 



(0 



(e) 



(f) 



(h) 



(R^p N (H1) P 



(i) 



N N (Ri) p P 



wherein X and Y each represent a single bond, -N = N-, -N(-0) = N-. -CH = N-, -N = CH-, -C00-, -0(C = 0)- 
or an ethynylene group; p represents an integer of from 1 to 5; R 1 represents an alkoxy group, a halogen 
atom, a cyano group, a carboxyl group or an alkyl group; when p is 2 or more, the plural R< groups may be 

the same or different. . . 

The polymer liquid crystal may be crosslinked taking advantage of its reactive group, .f des.red, in the 
presence of a catalyst and/or a polyfunctional reactive compound. Suitable reactive groups include addition 
reactive or polymerizable groups, such as a vinyl group, an acrylate group, a methacrylate group, a 
heterocyclic groups, such as an epoxy group, and an isocyanate group; a hydroxyl group, an ammo group, 
an acid amido group, a thiol group, a carboxyl group, a sulfo group, a phospho group, a metal ateoholate 
group and a magnesium halide (Grignard reagent) group. Catalysts which may be used if des.red include 
various kinds of ultraviolet polymerization initiators and thermal polymerization initiators. Suitable polyfunc- 
tional reactive compounds include polyfunctional isocyanate compounds, polyfunctional epoxy compounds, 
polyfunctional melamine compounds, polyfunctional aldehyde compounds, polyfunctional amine com- 
pounds, and polyfunctional carboxyl compounds. 

The above-mentioned mesogen compounds may further contain a reactive group other than the double 

bond-containing groups. 

Examples of the polymerizable compounds having a reactive group (reactive monomers) which are to 
be copolymerized with the aforesaid mesogen compounds include (meth)acrylic acid, u>-carboxy-poly- 
caprolactone-mono(meth)acrylate, vinyl sulfonate, hydroxyethyl (meth)acrylate, hydroxypropyl (meth- 
acrylate 2-(meth)acryloxyethyl acid phosphate. 2-hydroxy-3-phenoxypropyl (meth)acrylate. 2-(meth)- 
acryloxyethyl succinate, mono(meth)acrylate phthalate, 2-(meth)acryloxyethyl(2-hydroxyethyl) phthalate. 4- 
(meth)acryloxyalkyloxybenzoic acid, glyceryl (meth)acrylate. hydroxy-substituted styrene. (meth)acry amide, 
N N-dimethylaminoethyl (meth)acrylate, N.N-diethylaminoethyl (meth)acrylate, glycidyl (meth)acrylate 2- 
propen-l-ol and 5-hexen-1-ol. After the above-enumerated compound is once copolymerized or co-added, 
the reactive group may be replaced with a different reactive group. For example, a mesogen monomer ,s 
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ettss t:: e h CoCtn::r e :°; ,roduce a ^ — - - 

chain. „ is also P^IW^ Pdymerizable group , 0 ,he polymer sL 

above-described reactive group Fo examole T S m6S ° 9en COmpound ha ™9 the 

5 which R' is a hydroxy! gfouTa cirbSTl.Tn T C ° mP ° UndS haVin ° ' hS abo ^"^a»ed ««~cture in 

"—xamiesa^ - — compounds are 

introducing the crosslLng component t Tthe ^oene a n , th ' S tyPe ° f 3 C ° P ° ,ymer by P revi ° u ^ 
the embodiment (ii). com P° nen < *> general vinyl monomer. This is characterized, especially, in 

'ncr^bT^ 3 ^ cha * poiymer ,i qu id crystal is 

« ratio, a number of dom ain of The <i * ys a ^IZ" T ( f nent * n ° n "' iqUid ^ C ° mp ° nent 
this case, retention of the polymer mSx ^ ^ P °' ymer ' iquid crystaL ln 

crosslink of the non-,iquVcryL7^ can be improved by 

liquid crystal component is restricted tn LJhI . • J . y P ° lymer ma,rix other ,han the 

contrast between tLparenc JS^^^T'T T'™" 9 therma,,y 

In addition to the above-mertiorS me^™ I ' Ch3rac < en 26d ' es P ecia "V. in the embodiment (i). 
Polymer liquid crystaJ.^S va^non me^n ^ ^ C ° mp0Und h3Vin9 3 r63Ctive ^ the 
porated as a third comp«^^^ a XT2^ "T^S' ^ °° r63C,ive 9 ™ p 
component include alj (metotecrvlaE an 11 . ? SU " able com P° unds ^able as the third 
acrylonitrile. vinyl ch.or d^ S cnSo^lST "ST* S,yr6ne there <* <"»*)- 

» These compounds are aC6,ate ' , ' hWen *- 3nd 1 " 0cte - 

structure or thermal characteristics The orooorSn 1 ,U Z f eCtlveness in controlling a multi-domain 
. ranges from 0.01 to 20% by we^h, " third com P° nent in «he polymer liquid crystal 

prefe^lyTa^ro 0 :': 8 , ^"^'Zo^^T P — ^ id c -ta. 

in terms of monomer unit. The proper ion of Te non mi ' ^ m ° St Preferably 1 ,0 40 

polymer, .n one embodiment of ^^n^?r? m ° n0merS " M * co ^°^ <° * reactive 
average molecular weig^ Tat (1^^ pZ;eTia^,\^ m °' eCUlar '° number 

Preferably not to exceed 3.0, still J2^T I ST^2?Z W J^ ? " "* t0 4 °' 

is obtained by the S^S^^S^^r!^ * " ^ m °' eCUlar Wei9ht disWbution « 

good solvent "and t^^S^^TV ""T " ^ ^ 3 mixed SOlvent of a 
component having . ^^^,^,2^^! T'' f ' 3 V3ried mixin9 ratio ,0 extract a 
rno.ecu.ar weigh, distribu^^s^ ^ * ^ 

the former extraction method usina a mivpH ^J, V ?? 9 P°'y mer by living polymerization. In 
include' aromatic aohU^^t ^ nl soTve ,s SSf 9 °° d S °' Ven,S f ° r ,he P °' ymer ,iquid crys,al 
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suitable The details ot these techniques are described in Ohtsu. KOBUNSHIGOSEI NO JIKKENHO.. 209. 
Kaqaku Dojin. Macromolecules . 25. 5554 (1992). ibid. 26. 2987 (1993), and ibid. 26. 5316 (1993). 

The optical element according to the present invention comprises a polymer liquid crystal composition 
having an optically anisotropic multi-domain structure which is formed by crosslinking a polymer liquid 

5 crystal composition. It is preferable that the direction of the optical anisotropy of each domain (the direction 
of molecular orientation) is at random. 

The polymer liquid crystal composition which can be used in the present invention is a composition 
containing at least the above-mentioned polymer liquid crystals and having light scattering propert.es. The 
liqht scattering composition preferably has a multi-domain structure. The terminology "multi-doma.n 

w structure" as used herein means a structure in which a plurality of fine domains are agglomerated or 
dispersed like islands. The domain density in unit volume widely ranges. It is preferable that the domains 
comprise agglomerates of liquid crystal molecules (mesogen) on the side chain of a polymer liquid crysta 
and have the molecules oriented in one direction to exhibit optical anisotropy. The direction of the optical 
anisotropy of each domain (the direction of molecular orientation) is preferably at random. 

;5 Where the domain diameter in the multi-domain structure is about the wavelength of visible light, the 
domains strongly scatter visible light to make the polymer liquid crystal composition highly white turbid. 
Accordingly a preferred domain size is such that the domain diameter at the maximum in the frequency 
distribution of domain diameter is not greater than 3 urn. preferably 0.2 to 1.5 urn. still preferably 100 to 
600 nm The difference between the maximum domain diameter and the minimum domain diameter in 

20 domain diameter distribution is preferably not more than 5 urn. still preferably not more than 3 urn yet 
preferably about 1 um. In other words, the domains are preferably uniform in size. When the domains have 
the above-mentioned preferred domain size and size distribution, they scatter visible light most strongly, 
i e exhibit strongest light scattering properties and thereby greatly improved optical charactenst.es The 
domain size and size distribution can be controlled by adjusting the composition of the polymer liquid 

25 crystal or the composition of the polymer liquid crystal composition. 

In the polymer liquid crystal composition, the size or density of the domains can be varied by changing 
the external temperature before crosslinking. That is, the multi-domain structure of the polymer liquid crystal 
composition can be adjusted in size as desired by subjecting the composition to heat treatment so as to 
provide a layer with increased light scattering properties. 

30 After polymerization, small regions (about 0.1 um) in which liquid crystal molecules are agglomerated, 
i e domains are present in the polymer matrix. These small regions can be grown to form a multi-domain 
structure as described above by subjecting the polymer to annealing by heating. By the heat annealing, the 
small domains grow to liquid crystal domains of about 0.2 to 1 um. With no outer force, e.g., an electneal 
field applied at the time of annealing, the liquid crystal molecules in each domain are oriented in one 

35 direction, but the plural domains show difference from each other in direction of the molecular orientation. 
This is characterized, especially, in the embodiment (iii). 

The multi-domain structure of the present invention can be formed by a method comprising first 
forming a specific multi-domain structure and then crosslinking the polymer while retaining the multi-domain 
structure or a method comprising forming such a multi-domain structure in the course of crosslinking. 

40 Preparation of the optical element according to the present invention will be explained. Crosslinking of 
the polymer liquid crystal composition can be effected by applying heat, light, an electron beam, etc. to a 
polymer liquid crystal prepared by the above-described method preferably in the presence of a catalyst 
and/or a polyfunctional reactive compound. Catalysts include various kinds of ultraviolet polymerization 
initiators and thermal polymerization initiators. Suitable polyfunctional reactive compounds include polyfunc- 

-i5 tional isocyanate compounds, polyfunctional epoxy compounds, polyfunctional melamine compounds, 
polyfunctional aldehyde compounds, polyfunctional amine compounds, and polyfunctional carboxyl com- 
pounds. Specific examples of the catalyst include azo type polymerization initiators, e.g.. 
azobisisobutyronitrile (ABIN); peroxide type polymerization initiators, e.g.. benzoyl peroxide; and ultraviolet 
polymerization initiators, e.g., phenyl ketone. Specific examples of the polyfunctional reactive compounds 

so are lolylene diisocyanate (TDI). 4.4 , -diphenylmethane diisocyanate, 3.4-dichlorophenyl diisocyanate. poly- 
methylenepolyphenyl isocyanate, hexamethylene diisocyanate (HDI), an adduct of TDI or HID and a polyol. 
e g. trimethylolpropane, bisphenol A diglycidyl ether, melamine, ethylenediamine, hexamethylenediamme, 
phenylenediamine. glutaraldehyde. terephthalaldehyde, oxalic acid, succinic acid, glutaric acid, maleic acid, 
terephthalic acid, pyromellitic acid, and pyromellitic anhydride. 

55 The catalyst and/or polyfunctional reactive compound is prelerably added in an amount of from 0.01 to 
20% by weight based on the polymer liquid crystal. 

For improving characteristics, the polymer liquid crystal composition of the present invention may 
lurther contain various other components. For example, various antioxidants, such as hindered amine or 
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substrate with an electrode is also preferred appl.cat.on as a transm.ss.on type display. A 

* at a «r c a oZg '^ty^n^al 0 ?! ^Th' f °"° Wed b * 

effectively at such a temperatu e a. Teh h P ml ? tem P e ' ature Annea.ing is conducted most 

and also the composZ *1Z& a Houid ™, m ° Vemem ° f ,he P °' ymer ' iquid cr y stal is all °^ 
confirmed. While ,h Zoera^ rano ^ in wh7h ,h T ,. WNCh " 9ht SCa " erin9 pr °P e,ties ca " be 

A basic structure of the optical element according to the present invention is shownt Fin Tt 

.fle tion can be^r^^^rS^^ ~ ^ 

used in optica, devices utilizing the action of an eJtrical field, a J^,?^ heat " 
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The polymer liquid crystal layer and protective layer can be formed in a usual manner, for example, by 
coating a composition for the respective layer as a solution in a solvent or in a molten state^ 

The thickness of the recording layer is no. particular.y limited and widely var.es according to a desired 
contrast. It is preferably from 0.1 to 100 um. still preferably from 1 to 100 urn. ye. preferably 5 to 50 urn. 

5 m ° S T^^ * Preferably a heat-resistant layer comprising a fluorine-containing polymer a 
silicon-containing polymer, a thermosetting polymer, an ultraviolet-cured polymer, an electron-cured do y- 
mer The protecle layer may have a single or mu.tilayered structure. The protective layer preferably has a 
thickness of from 0.1 to 20 um. 

70 The above-described substrates can be used. , 

„ is preferable to provide a light-reflecting layer, a light-absorbing layer or a colored layer o improving 
contrast as in Figs. 2 or 3. A metal layer, such as an aluminum layer or a silver layer. ,s usefu as a hght- 
retc ng a er. I dye-containing polymer fi.m is usual.y used as a light-absorbing layer or a colored layen 
The Hght-reLcting layer, light-absorbing layer or colored layer preferably has a th,ckness of 0.001 to 100 

' 5 ^ Recording/erasure of information using the optical recording device according to the present invention 
is described below taking recording/erasure by heat application for instance. Recording/erasure of informa- 
tion is also possible by electrical or magnetic field application. , ^ ... . .... etat _ 

The recording layer after preparation of the element shows a light-scattered (white >urb,d) s ate 
20 attributed to the multi-domain structure. Information can be recorded on the white turbid ^rdingjayer by 
fmagewise applying heat with a thermal head or a laser beam to make the polymer liquid crystal on the 
eatod area isotropic, followed by cooling rapidly to a temperature below the glass 

the heated area is fixed in its isotropic phase to form a transparent image The recorded ,nformat,o ca be 
erased by heating followed by cooling at a rate lower than that used for recording, whereby the area 
25 n^^alnal light-scattered state to complete erasure. That is. recording and erasure of in ormat.o 
can be conducted reversibly and repeatedly. Heating means for recording and erasure includes a thermal 
head Recording and erasure of information can be carried out by controlling the pulse width or energy 

applied to the thermal head. . . . 0limnr 

When the domain diameter at the maximum in the frequency distribution of doma.n d,ameter is 2 um or 
30 less especially 1 um or less which is in the range of visible light, the multi-domain structure provides a 
h scatSngp operty and an excellent contrast. The domain size can be contro.ied by s.ow cooling o, he 
sotropic phas'e which is heated to Hquid crystal phase-isotropic phase transition point or mor ^. Th also 
causes an erasure of the recorded information. By slow cooling, nucleation and nuclear growth are attamed 
to orm a multi-domain structure. Rapid cooiing does not cause nucleation and thus the heated and rapid y 
cooled area is fixed in its glass transition phase to be transparent while retaining .sotropic state. When the 
cooling rate is 1 x 10-C/sec or more, the heated and cooled area becomes transparent and when the 
cooling rate is less than the speed, the area shows a white turbid state (multi-domain structure). Therefore, 
the cooling rate is preferably less than 1 x 1 0 2 • C/sec and more preferably less than 50 • C/sec. 

The optica, element according to the present invention is characterized by containing a polymer hqu.d 
crystal composition having an optically anisotropic multi-domain structure which is formed by ' cross.inkinj a 
composition essentially comprising a polymer liquid crystal either as it is or after ,t is subjected to heat 
treatment By the action of the crosslinking, a specific multi-domain structure (microstruc tu re) can be 
stabilized and fixed (or memorized) in the stabilized state. Therefore, the optical element of he present 
invention is applicable as an optical recording medium, a display medium, a light modulate element or a 
45 reversible heat-sensitive recording medium. . Iiriht 

Where a polymer liquid crystal is utilized in a light-scattering type optical element, the degree of light 
scattering depends on the domain size or density of the multi-domain structure. The conventional multi- 
domain structure undergoes change in domain size and density from the initial conditions in the course of 
repetition of recording and erasure or suffers from partial unevenness in domain size and density due to 
50 unevenness of thermal history. It follows that the conventional element suffers from reductions in optical 
characteristics or unevenness of optical density, resulting in poor reproduction. To the contrary, the mul .- 
domain structure (microstructure) of the optical element of the present invention is thermodynam.cally 
stabilized and the initial conditions of domain size and density have been memorized so that these 
conditions of the multi-domain structure are reproduced even through repeated thermal h.story Further 
55 where an optically anisotropic multi-domain structure is formed by cooling a polymer liquid crystal 
composition which has been heated and is exhibiting an optically isotropic phase, the element has an 
increased rate of multi-domain formation. Accordingly, the optical element of the presen invention app ed 
as a recording/display element exhibits excellent stability in reproducing recording/display/erasure perfor- 
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imPr0VSmen,S " ° P,iCal CharaC,edSliCS - «* of record- 

con^C- SS^JMei,?^ inVemi0n 3 P ° lymer ' iqUid CrySfa ' C ° m P° sit - 
a this polymer llquld y cry.^S^to73^^^^■ Un,, ^ 8 TOn - meso 9 en ™nomer unit. In 
liquid crystal component, forn uS Zect v Tr* TJZT, ' * **** ^ COmp0nent and a *»- 
light scaling p£pe,«es. ttSESKSSa ^£^'7^ ^ 
composition has a crosslinked structure the mniti^ml ! , hu ther ' s,nce ,he Po'v^er liquid crystal 
modynamlcally stabilized with the SSd^Sfn ™*^ a,n . 8,ructu «» (microstructure) has been ther- 
<o initia, domain Le and density Te SStJZiSu^ „ be ' n9 mem ° rized - Therefore ' ,he 
erasure are repeated. That 7 to ^1^%^^ %™ V ** n and C00lin 9 for recordi "9 and 

excellent optical characte lL wi, P « l.^So^^SL"",,* 't T*™ 9 tyPe e ' ement e * hibi,s 
recording device, uniform optica. c,^^^Z!Z^ to as a area 

light-scattered state). Further the rate nf f n rmi«„ , . 9 stabilized multi-domain structure 
« state) in the cooling ZTT- T^™" M « ( ^ sca ttered 
speed up recording/erasure. ( ' ^ ' S0 ' r0p,C PhaSe) is hi 9 h ' maki "9 it feasible to 

domltructu^ ° f »» p — ' Mention has a stabilized rnulti- 

when a heating and co^Z r S ? "™ 

,o recording device, achieves an increased recording/erasure spied e ' ement ° r an ° ptical 

Accor^gtre aZ^ * h " nton * ^ «^ 

part of an optical elemen^on^^^ ann^L t ,'?^ ^ SCMering properties is formed * 
tion. and the composi'on s Zn c Z iIIbST^ ^Ir 1 ^ P °' ymer "'^ ^ COmposi " 
» light scattering properties cai S S^^X^^^r^^- *° ima " ^ "° 
or in a combination thereof to the oolvmer ^ v u ° f 3 m39netiC field either alone 

order of the composition. It i p ^ y 1 ZuZTtoZlTZ * * ^ *" ° rien,a,i ° n ° r 
optically transparent because the formed imaaets mo^f h T'" 9 n0 ,i9ht SCa " erin9 properties is 

is optically isotropic. In an optica l^^ZZr,^ 6 P °' ymer ' iquid crystal imposition 

> orientation of the side ^nCJ^!^ l( 2iri l,qU,d 7^ C ° mpOSi,ion as refe " ed l ° ^ove. the 
at random on nearly a mote 5? to S A SJ'T m ,he P °' ymer lic > uid cr V stal composition is 
can be formed by magewS heat nQ ' oart o the ZZTV n ° " flht SCatterin 9 PW«e» 

temperature above the T q S pha oh a f T" 9 P °' ymer liqU ' d CryStal c <W«°n to a 
scattering properties are exh^ Which "° W 

point. At this time, the image having no light scarte ino te T pera,ure below the 9lass transition 

chain liquid crystal molecules in the Do^vme ? P^pen,es ,s a transparent image in which the side 
mo,ecu,r levef and the ^^^TZ^Z^Zr * ^ °" ^ 3 

prop^ s a r»zt?;: ;^ linked :° make ,he imaae havina - ■*« 

heat, light, an e.ectron beam etc ^^,£"1^^ ° Ut by app,yin 9 
polymerize or to undergo addition react! with a ™? ^ °' ^ P °' ymer ,iciuid cr y s,al ,0 

temperature is below thl ^al crLTT.l ^ • P ° lyfunc,,onal reactive compound. The crosslinking 

composition. prefe ab-I no hiqhe than TSZT* ' ranSiti ° n P ° im ° f ^ P ° ,ymer Nc,ljid c ^ sta ' 

heated to the liquic ToryTs i^L!^ 1 ^^ ^ °' composition ' " ^ composition is 
scattering properties 2 rosi ^in TZZlZ *" ^ n0 ^ 

proceeds with the image showin no ligh^caS Z 7Z^°SS^^ ^JT'^^ 0 

form a clearer image. uyeniw> oeing nxed stably, making it possible to 

the image formation method o, the present invention, in Fig Vis shown a o Li 1 ' m39e by 

having the layer structure of Fia i in »,hirh «„ T P 6 v,ew of an °P ,lc al element 
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Once the recording layer has been crosslinked. the thus lormed image never restores the initial white 
turbidity even if heated to the liquid phase-isotropic phase transition point or higher followed by cooling, and 
the image is preserved semi-permanently. The area other than the unerasable image, i.e., area 9 is capable 
of recording and erasing information repeatedly. Recording on area 9 can be conducted by imagew.se 
s heating to a temperature not lower than the liquid phase-isotropic phase transition point with a thermal head 
or a laser beam lollowed by rapid cooling, and the recorded image can be erased by heating the image 
followed by gradual cooling. There is thus provided an optical element having both unerasable image 7 and 

erasable image 8. . 

In the above-illustrated embodiment, when an image exhibiting no light scattering properties .s formed 
w on an optical element comprising a light scattering polymer liquid crystal composition, and the compos.tion 
is crosslinked, the image having no light scattering properties becomes a semi-permanently memorized 
image that would not be erased any more even if heated to a temperature for an isotropic phase. This is 
believed to be because the orientation or order of the liquid crystal molecules constituting the image having 
no light scattering properties could be fixed and retained upon undergoing crosslinking. On the other hand, 
,5 the area showing light scattering properties is still capable of repetition of recording (a transparent state) 
and erasure (a white turbid state) on repeating a heating/cooling cycle even after the crosslinking. This 
seems to be because crosslinking in the optically anisotropic multi-domain structure exhibiting light 
scattering properties does not restrain the molecular movement of liquid crystal molecules. 

The aforesaid effects make it possible to integrate an unerasable image and a rewritable image on the 
20 same optical element having light scattering properties. 

The present invention will be illustrated in greater detail with reference to Examples, but it should be 
understood that the present invention is not deemed to be limited thereto. All the copolymerization ratios 
shown in structural formulae are given by weight. 

In Examples and Comparative Examples, physical properties of polymer liquid crystals prepared were 

25 measured as follows. 

1) Weight Average Molecular Weight and Molecular Weight Distribution: 

A weight average molecular weight (Mw) and a number average molecular weight (Mn) were 
measured by gel-permeation chromatography (GPC) using a chromatograph manufactured by Tosoh 
Corp. on polystyrene conversion. A molecular weight distribution was evaluated in terms of an Mw/Mn 

30 •• ratio. 

■ 2) Glass Transition Point and Phase Transition Point: 

A glass transition point (Tg) and a liquid crystal phase-isotropic phase transition point (Ti) of a 
polymer liquid crystal were measured by differential scanning calorimetry and with a polarizing micro- 
scope equipped with a temperature controller. 
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EXAMPLE 1 



^Acryloxyhexyloxy-^-cyanobiphenyl (1.9 g) as a mesogen monomer and 0.1 g of 2-hydroxyethyl 
acrylate as a reactive monomer were copolymerized using azobisisobutyronitrile (ABIN) as an initiator and 
tetrahydrofuran (THF) as a solvent. The polymer was purified by reprecipitating three times in ethyl alcohol 
to give 1.9 g of a polymer liquid crystal having structural formula (1): 



4— CH 2 - CH— ) — —(— CH 2 - CH— ) — 

v | y x N | y 1-X 

COO - (CH 2 ) 6 • 0 • ^ = ^~^ = ^" CN COOC 2 H40H 



(1) 



50 



x = 0.95 



The polymer liquid crystal having formula (1) [hereinafter designated polymer liquid crystal (1); the 
similar designation will apply to other polymer liquid crystals] had an Mw of 40000, a Tg of 40 *C, and a Ti 
ofll0*C. 

In 3.0 g of methyl ethyl ketone (MEK) were dissolved 1.0 g of polymer liquid crystal (1) and 0.05 g ot a 
polyfunctional isocyanate compound Colonate HX (produced by Nippon Poiyurethane Industry Co., Ltd.) as 
a crosslinking agent, and the solution was applied on a 1 00 urn thick aluminum-deposited polyethylene 
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KJffllt^^ 10 <™ * Po^-r , iqui d crysta, .aye, having a 
•urbidity and was foundTo ^^^ ^floT " ° btained " ght "* 8SSum * ^ 

by Tcagosei Chemica. Indus' Co. Ud > w s Ze« X^^rT^ ^ ^ (PM 
cured using a high-pressure Leu y amp to h!5 a a ^TTZFT*.-**" «« 
optical recording device. Um th,ck P rote <* v e layer to prepare an 

'0 EXAMPLE 2 



75 



20 



monomer. 



K I ^7 (- C H 2 -CH--) 

COO-(CH 2 ) 6 -0-Q-Q^N |ooH 



x = 0.95 



35 EXAMPLE 3 

Polymer liquid crystal (3) having structural formula m chn^n ^ 



40 



fcH 2 -CH-^ 



CH 2 -CH-^- 



1-X 



coo<oh 2 , s .ohQ-Q,cn Lch 2 ch-ch 2 (3: 



50 

x = 0.95 



55 



int (3) had an Mn of 40000. , To of 36 • C. aod a Ti ol 95 • C 
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The polymer liquid crystal layer was crosslinked in an oven at 60 -C lor 24 hours. The polymer liquid 
crystal layer alter crosslinking was also white turbid. A protective layer was formed on the crosslinked 
polymer liquid crystal layer in the same manner as in Example 1 to obtain an optical recording device. 



5 EXAMPLE 4 



Polymer liquid crystal (1) synthesized in Example 1 was reacted with acrylic acid chloride in methylene 
chloride in the presence of triethylamine to obtain polymer liquid crystal (4) having an acrylate group 
introduced to the side chain thereof and having structural formula (4): 

— C— CE 8 - CH -4— — (~ CH 2 - CH-)— 

V | J x 7 1-X (4) 

COO - (CH 2 ) 6 - 0 - {^"^3" CN COOC2H4 ° COCH= CHa 

x = 0.93 



20 



Polymer liquid crystal (4) had an Mw of 55000, a Tg of 33 * C, and a Ti of 85 • C. 
In 3 0 g of MEK were dissolved 1.0 g of polymer liquid crystal (4) and 0.01 g of an ultraviolet 
polymerization initiator Darocure 1173 (produced by Ciba-Geigy Ltd.), and the solution was applied on a 
100 urn thick aluminum-deposited PET film with a blade coaler and dried to form a polymer liquid crystal 
25 layer having a thickness of about 6 urn. The polymer liquid crystal layer as obtained scattered light and 
assumed white turbidity. The Ti of the polymer liquid crystal layer before crosslinking was about 80 «C. 

The polymer liquid crystal layer was crosslinked by ultraviolet irradiation at 25 -C using a high-pressure 
mercury lamp. The polymer liquid crystal layer after crosslinking was also white turbid. A protective layer 
was formed on the crosslinked polymer liquid crystal layer in the same manner as in Example 1 to obtain 
30 an optical recording device. 

COMPARATIVE EXAMPLE 1 

An optical recording device was prepared in the same manner as in Example 1, except no crosslinking 
35 agent was added to polymer liquid crystal (1). The recording device as obtained showed sl.ght white 
turbidity. 

COMPARATIVE EXAMPLE 2 



40 



Polymer liquid crystal (5) having structural formula (5) shown below was synthesized in the same 
manner as in Example 1 , except that only the mesogen monomer was homopolymerized. 



^-CH 2 -CH-) — 

C00-(CH 2 )6 -O- 



50 

Polymer liquid crystal (5) had an Mw of 30000, a Tg of 35 • C, and a Ti of 1 20 • C. 
An optical recording device was prepared in the same manner as in Comparative Example 1 , except 
using polymer liquid crystal (5). The recording device as obtained showed white turbidity. 
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Evaluation: 

(c) after first erasure (in a light-scattered S JS /nH /h? f ( * fecord,n 9 On a transparent state), 
light-scattered state), to ev^ ^ W H r6Peatin9 ^ c ^ding/erasure 100 times (in a 

shown in Table 1 be ow re P roduct ' on of recordmg/erasure performance. The results obtained are 



TABLE 1 



15 



20 



25 



Example No. 


I Optical Density of Recording Layer 




(a) 


(b) 


(C) 


(d) 


Example 1 
Example 2 
Example 3 
Example 4 

Comparative Example 1 
Comparative Example 2 


0.24 

0.24 

0.25 

0.25 

0.4 

0.5 


1.7 
1.7 
1.7 
1.7 
1,7 
1.1 


0.24 

0.24 

0.25 

0.25 

0.8 

1.0 


0.24 

0.24 

0.25 

0.25 

1.2 

1.0 
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repeating recording/erasure IOC . 1 I " 3 Scattered state even after 

Comparative ExTmptes 1 ah ? 2 T ? ' reproducibility of whiteness. The recording layer in 
suffers from greaT'edu tio ir whi to tlSl", 5" ^ ^ ^ ***** in >tS ^ ^ge but" also 
^bted.^or.^p^TvSLT reC6,V,n9 0n ' y CVC,e " — di ^erasure. i.e., 
wasmet^w^ ^ "P-** recording/erasure ,00 times 

=a^~ 
um. I, is unders^^^^ 

Examples 1 and 2 as shZ i Table 1 s ^ble TZT V?? Cnaracteris,ics in Comparative 
in white , urb i d i, y . Accordingly J to sin that 2 ? to . 9r ° Wth ,° f d ° mainS ' Which results ifl red ^on 
characteristics (optical characteristic^ I \ JZT ? ™ * ™^ dom ™ M <* influences display 
influences on reproduction ^^^Z^l^^' 6 ^ ^ * "* 

EXAMPLE 5 

was cu , i(iM by rwcipltalin9 lh , ee , ime6 in ,4, alc « - ™ - 

In 3.0 g of MEK were dissolved 1.0 q of polvmer liouid rrv/c^i m ^ n , c 
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turbidity to act as a controlling film of light scattering. The Ti of the polymer liquid crystal layer before 
crosslinking was about 90* C. 

The polymer liquid crystal layer was subjected to annealing by heating in an oven at 60 *C for 10 
minutes and then crosslinked in an oven at 30'C for 72 hours. An about 2 urn thick protective layer was 
formed on the crosslinked polymer liquid crystal layer in the same manner as in Example 1 to prepare an 
optical recording device. 

. The domain diameter at the maximum of the frequency distribution of domain diameter of the multi- 
domain structure was 300 nm. The difference between the maximum domain diameter and the minimum 
domain diameter was 0.9 urn. 

EXAMPLE 6 



Polymer liquid crystal (6) having structural formula (6) shown below was synthesized in the same 
manner as in Example 5. except for using 1.8 g of the mesogen monomer, 0.1 g of the reactive non- 
15 mesogen monomer and, in addition, 0.1 g of butyl acrylate as a third monomer. 



COOC^ 



20 ~f ™2 -^"f x -f CH 2 - CH +y — (~ CH 2 -^-^ (6) 

COO- (CH 2 ) fi -°-{^{^y~ C " C0OC 2 H 4 0H 



x:y:z = 0.9:0.05:0.05 



In 3.0 g of MEK were dissolved 1 .0 g of polymer liquid crystal (6) and 0.05 g of a polyfunctional 
isocyanate compound Colonate HX as a crosslinking agent, and the solution was applied on a 100 urn thick 

so aluminum-deposited PET film with a blade coater and dried to form a polymer liquid crystal layer having a 
thickness of about 6 urn. The polymer liquid crystal layer as obtained scattered light and assumed white 
turbidity to act as a controlling film of light scattering. The Ti of the polymer liquid crystal layer before 
crosslinking was about 85 *C. 

The polymer liquid crystal layer was heated in an oven at 70 *C for 24 hours to conduct annealing and 

35 crosslinking simultaneously. A protective layer was formed on the crosslinked polymer liquid crystal layer in 
the same manner as in Example 1 to prepare an optical recording device. The domain diameter at the 
maximum of the frequency distribution of domain diameter of the multi-domain structure was 330 nm. The 
difference between the maximum domain diameter and the minimum domain diameter was 0.8 urn. 

40 EXAMPLE 7 

Polymer liquid crystal (7) having structural formula (7) shown below was synthesized in the same 
manner as in Example 5. except for using 1.8 g of the mesogen monomer, 0.1 g of glycidyl acrylate as a 
reactive non-mesogen monomer and 0.1 g of butyl methacrylate as a non-mesogen monomer. 

45 



COOCH 2 CH CH 2 

I CH 3 



H-CH.-CH^ 4- CH 2- CH + y "'~f- CH 2"f ~h ( 7 > 

too- (CH 2 ) 6 ~°-{^(l)- CN C00C4 H9 



x:y:z = 0.9:0.05:0.05 
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aluminum-deposited PET film ^ T "° n was applied on a 100 um thick 

thickness o. a o 6 um Z ^^t^^ '° T 3 P °' ymer CrySta ' ^ ^ a 
turbidity to act as a con,rol7no «lm d Z ^ ^ aS T ° bta ' ned SCa " ered "' 9ht and assumed white 
crossing was about 90 C 9 9 SCa " erina - ° f !he p0lymer ^ «V« layer before 

COMPARATIVE EXAMPLE 3 

cro^^XTZ^: P :Z ^ ~ aS in ^ 5, except that a 

showed white turbidity 9 Cr ° SS " nl<ln9 agent was not c <^ucted. The recording device as obtained 

COMPARATIVE EXAMPLE 4 



25 Evaluation: 

J£ »?££X5£T' & * mPleS 5 '° 7 Examples 3 and , »a s 

obtained are shown in Table 2 below. repeated use. The results 
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Example No. 


Optical Density of Recording Layer 




(a-1) 


(a-2) 


(c) 


(d) 


Example 5 
Example 6 
Example 7 

Comparative Example 3 
Comparative Example 4 


0.37 
0.31 
0.29 
0.60 
0.37 


0.22 
0.20 
0.24 
0.41 


0.23 
0.20 
0.23 
0.96 
0.37 


0.21 

0.21 

0.24 

1.2 

0.38 
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EXAMPLE 8 

4-Acryloxyhexyloxy-4*-cyanobiphenyl (1.8 g) as a mesogen monomer, 0.1 g of 2-hydroxyethyl acrylate 
as a reactive non-mesogen monomer, and 0.1 g of butyl methacrylate as a non-mesogen monomer were 
copotymerized using ABIN as an initiator and THF as a solvent. The polymer was purified by reprecipitating 
three times in ethyl alcohol to give 1.9 g of polymer liquid crystal (8) having structural formula (8): 



COOC 2 H 4 OH 



v 2 ' ' x \ _} ' y v 2 I ' z (8; 



COOC 4 H g 



COO- (CH 2 ) 6 -0-^^-CN 

x:y:z = 0.9:0.05:0.05 



Polymer liquid crystal (8) had an Mw of 55000, a Tg of 42 ( C, and a Ti of 105'C. 

In 3.0 g of MEK were dissolved 1.0 g of polymer liquid crystal (8) and 0.05 g of a polyfunctional 
isocyanate compound Colonate HX as a crosslinking agent, and the solution was applied on a 100 urn thick 
aluminum-deposited PET film with a blade coater and dried to form a polymer liquid crystal layer having a 
thickness of about 6 urn. The polymer liquid crystal layer as obtained scattered light and assumed white 
turbidity. The Ti of the polymer liquid crystal layer before crosslinking was about 100'C. 

The polymer liquid crystal layer was crosslinked in an oven at 50 *C for 24-hours. The polymer liquid 
crystal layer after crosslinking was also white turbid. An about 2 urn thick protective layer was formed on 
the crosslinked polymer liquid crystal layer in the same manner as in Example 1 to obtain an optical 
recording device, 

EXAMPLE 9 

Polymer liquid crystal (9) having structural formula (9) shown below was synthesized in the same 
manner as in Example 8, except for replacing 0.1 g of butyl methacrylate as a non-mesogen monomer with 
0.1 g of butyl acrylate. 



COOC. H n 

I 4 9 CH 3 



+ CH 2"f H +x 4-CH 2 -CH^--fcH 2 -C ^ (9) 
COO- CCH 2 ) 6 C00C 2 H < 0H 



x:y:z = 0.9:0.05:0.05 



Polymer liquid crystal (9) had an Mw of 50000. a Tg of 40 *C, and a Ti of 90 *C. 

In 3.0 g of MEK were dissolved 1.0 g of polymer liquid crystal (9) and 0.03 g of diphenylmethane 
diisocyanate as a polyfunctional isocyanate compound (crosslinking agent), and the solution was applied on 
a 100 urn thick aluminum-deposited PET film with a blade coater and dried to form a polymer liquid crystal 
layer having a thickness of about 6 am. The polymer liquid crystal layer as obtained scattered light and 
assumed white turbidity. The Ti of the polymer liquid crystal layer before crosslinking was about 85 *C. 

The polymer liquid crystal layer was crosslinked in an oven at 50 *C for 24 hours. The polymer liquid 
crystal layer after crosslinking was also white turbid. A protective layer was formed on the crosslinked 
polymer liquid crystal layer in the same manner as in Example 1 to obtain an optical recording device. 
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EXAMPLE 10 



Polymer liquid crystal (10) having structural formula (10) shown below was synthesized in the same 
manner as ,„ Example 8, except for using 1.7 g of the same mesogen monomer as u e^in Ex mp e 8 0 
molmer " 3 °°"-™ S °^ ™ no ™' ™ 9 of ethy. methacryla.e as a non-mesogen 



w 



25 



30 



COOH 

COO- (C H 2)6 -o-Q^_ CN l ooc ;^ 



y 2-f TJ (10) 

V=w CN COOC, H 



x:y:z = 0.85:0.05:0.1 

Polymer liquid crystal (10) had an Mw of 55000, a Tg of 45'C and a Ti ofHO'C 

In 3.0 g of MEK were dissolved 1.0 g of polymer liquid crystal (10) and 0.03 g of hexamethvlene 

a ID" urn hic^ I C ° mp ° Und (Cr ° SS,inkin 9 «» solution 2™Zo„ 

a 100 urn th.ck alummum-deposited PET film with a blade coaler and dried .0 form a polymer liquid crJal 
layer having a th,ckness of about 6 um. The polymer liquid crystal layer as obtained SLed l^ aS 
assumed w ,e turbidity. The Ti of the polymer Hquid crystal .ayer before'crosslinking was abcT 0 S C 

The polymer hquid crystal layer was crosslinked in an oven at 50 'C for 24 hours. The polymer liquid 
crystal lay er after crosslinking was also white turbid. A protective iayer was formed on the 7os linked 
polymer .,qu,d crystal layer in the same manner as in Example 1 to obtain an optica, recording dev.ee 

EXAMPLE 1 1 



Polymer liquid crystal (11) having structural formula (11) shown below was synthesized in the same 
manner as ,n Example 8, except for replacing 0.1 g of 2-hydroxyethyl acrylate as a iS^^e^ 
35 monomer with 0.1 g of glycidyl acrylate. '^cuve non mesogen 



40 



?OOCH 2 CH- 



"f CH 2-?H-h 



CH 



2 



45 



C00 -< C V6-°-O-(>CK 



-f-CH 2 -CH-f-- f C „ 2 -i ^ 



(11) 



COOC, H 9 



x:y:z = 0.9:0.05:0.05 
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Polymer liquid crystal (1 1 ) had an Mw of 45000, a Tg of 45 • C, and a Ti of 95 • C 

In 3.0 g of MEK were dissolved 1.0 g of polymer liquid crystal (11) and 0 02 q of hex- 

on a ,00 n umT h > e k "? ' ^ M ™>™ Com P°- d ^slinking agent), and the solution was app Ted 
on a 00 am thick aluminum-deposited PET film with a blade coater and dried to form a polymer liquid 

and at "^ r? 9 H^™* * *"* 8 ^ The P °' ymer ^ Cr ^ ^ as obta.ned sc Tered 
and assumed wh.te turb,d,ty. The Ti of the. polymer liquid crystal ,ayer before crosslinking was about 90 ' C 
The polymer liquid crystal layer was crosslinked in an oven at 60 -C lor 24 hours. The polymer liquid 
cystal layer after crosslinking was also white turbid. A protective layer was formed on the crosslink 
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polymer liquid crystal layer in the same manner as in Example 1 to obtain an optical recording device. 
COMPARATIVE EXAMPLE 5 

An optical recording device was prepared in the same manner as in Example 8. except that no 
crosslinking agent was added to polymer liquid crystal (8). The recording device as obta.ned showed wh.te 

turbidity. 

Evaluation: 



10 



15 



20 



25 



The recording devices prepared in Examples 8 to 11 and Comparative Example 5 were tested in the 
same manner as in Example 1 to evaluate reproduction in recording/erasure performance. The results 

obtained are shown in Table 3. 

TABLE 3 



Example No. 


Optical Density of Recording Layer 




(a) 


(b) 


(c) 


<d) 


Example 8 
Example 9 
Example 10 
Example 11 

Comparative Example 5 


0.20 
0.22 
0.22 
0.24 
0.35 


1.7 
1.7 
1.7 
1.7 
1.7 


0.21 
0.22 
0.22 
0.24 
0.6 


0.21 
0.22 
0.22 
0.24 
0.8 



Note: 

(a) Before recording (in a light-scattered state) 

(b) After recording (in a transparent state) 

(c) After first erasure (in a light-scattered state) 

(d) After repeating recording/erasure 100 times (in a 



As is apparent from Table 3. the recording layer in Examples 8 to 11 undergoes no change from the 

35 initial stage in degree of white turbidity (reflective optical density in a light-scattered state) even afte. ^receipt 
of 100 cycles of recording/erasure, proving excellent in reproducibility of wh.te turb.d,ty. The reco d,ng layer 
in Comparative Example 5 not only has a low degree of white turbidity in its initial stage but also suffers 
from great reduction in white turbidity upon receiving only one heat cycle of record.ng/erasure, i.e.. 
remarkable deterioration in reproduction. . A 

40 After 100 cycles of recording/erasure, the recording layers of Examples 8 to 1 1 had a domain diameter 
distributed over a range of from 50 nm to 1200 nm with the diameter at the maximum ^frequency 
distribution of domain diameter being 350 to 650 nm. In Comparative Examples 5 and 6. he domain 
diameter at the maximum of the frequency distribution was 2.5 urn and 1.8 urn, respectively, and the 
domain diameter was distributed over a range of from 800 nm to 12 urn. It is understood from these facts 

45 that the deterioration in optical characteristics in Comparative Examples 5 and 6 as shown in Table 3 is 
ascribed chiefly to growth of domains which results in reduction in white turbidity. Accordingly, it is seen 
that a domain size in a multi-domain structure influences display characteristics (optical character.st.es) and 
that the stability of the multi-domain structure has great influences on reproduction of recording/erasure 
performance on repeated use. . 

so As is apparent from the above results, the optical element according to the present .nvent.on has its 
minute multi-domain structure thermodynamically stabilized by crosslinking and therefore exh.b.ts excellent 
display characteristics (optical characteristics) and reproducibility of recording/erasure performance. 

In Examples 12 to 15 hereinafter described, an image formation method of the present invention and an 
optical element having an unerasable image are embodied. In these Examples, recording on an optical 

ss element either for formation of an unerasable image and for formation of an erasable image was conducted 
using a thermal printer (8 dots/mm; S0.3 mJ/dot). Erasure of an erasable image was conducted using an 
oven set at 120- C or a hot stamp set at 130'C. The reflective optical density of each recorded area before 
and after heating at 1 20 • C was measured with X-rite 968 to evaluate optical character.st.es. 
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EXAMPLE 12 



nee) 



10 



15 



20 



aluminum-deposited PET film with Thifl tl, 9 ,?! ,h<3 S0 ' U " 0n was applied on a 100 ™ thick 

thickness of about 6 urn T^bTS^ foU ^ f ^ ^ ^ ^ » 

manner as in Example 1 to ob In an ontLTJ , ™ ^ POlymer ' iquid CryStal '^ er in the sa ™ 
turbidity. ^ ° Pt,Cal e ' ement - The °P fical ele ™nt as obtained showed white 

e^r^s^ - 9 e. and the optica, 

xroor;™ 

transparent whereas the other Tea turned iJ™" pawnt im39e Cr0SS "' nkin 9 remair1ed 

had been crosslinked iSsZ^iuZ^TVT When . recordin 9 wa * conducted on the area which 



EXAMPLE 13 



30 



35 



synthesl 9 ^ 7 ' ° d 'To 3 q°o f^"*"^ ^ (MW: 4 °° 00: T * ^ * ^ 
compound (cro^STa^ 35 3 PoWuncfcna. isocyanate 

film with a b.ade coa er and d e d "o form ■ JT r "J 0n 3 10 ° " m thiCk al ^'™^Posi<ed PET 
protective layer was ZrTeZZ Jymer S 'IXer' Irrhe"^ 9 3 thiCkn6SS °' ^ 6 ^ * 
obta^, an optica, element. The optic/eJment ZZSS'lZfJSZ LTditT™ " ^ ' '° 

•^a^r;n.?r«'rr ima9e ' and the ° pticai 

element was heated to 120'C, whereupon the entire al nf L ^ ^ crosslinking, the optical 
cooling to room temperature the area oncT 2*? L P * e ' ement ,Umed ,rans P a ™t. On 



^0 EXAMPLE 14 
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55 



synthesizer? Tn ^ dissolved , 0 9 of polymer liquid crystal (3) (Mw: 40000- Tg- 36-C- Ti- 95. c> 

CS* 9 en r/nd , etlu on^'sird^^ir^^ " ' P^oJa^^uS 
« blade coater and dried to fo J a Sm~ r^S °? m Um thiC * a,uminum -deposited PET film with a 
-ayer was formed on , e ZyLTl q Z Z ? ^fn?^ 9 3 ' hiCkneSS °' ab ° Ut 6 A 
optica, element. The op«l J.i eff ^^^^ 38 ^ 1 to ° btain an 

e,emrr su ^r:~ - 9 e, and the optica, 
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EXAMPLE 15 

In 3.0 g of MEK were dissolved 1.0 g of polymer liquid crystal (4) (Mw: 55000; Tg: 33 *C; Ti: 85 *C) 
synthesized in Example 4 and 0.01 g of Darocure 1173 as an ultraviolet polymerization initiator, and the 
solution was applied on a 100 urn thick aluminum-deposited PET film with a blade coater and dried to form 
a polymer liquid crystal layer having a thickness of about 6 urn. A resin composition for a protective layer 
(Symac US-350, produced by Toagosei Chemical Industry Co.. Ltd.) was applied on the polymer liquid 
crystal layer to form an about 2 urn thick protective layer to obtain an optical element. The optical element 
as obtained showed white turbidity. 

After recording on part of the optical element was conducted to form a transparent image, the optical 
element was irradiated with ultraviolet light using a high-pressure mercury lamp to crosslink the polymer 
liquid crystal. After crosslinking, the optical element was heated to 120'C, whereupon the entire area of the 
optical element turned transparent. On cooling to room temperature, the area having formed a transparent 
image before crosslinking remained transparent whereas the other area turned white turbid. When recording 
was conducted on the area which had been crosslinked in its white turbid state, a transparent image 
showing no light scattering properties was formed. The thus formed transparent image could be erased by 
heating followed by cooling in the same manner as described above. That is, the transparent image area 
restored the initial white turbidity by the erasure. The reflective optical density of each recording area 
before and after heating 120'C is shown in Table 4 below. 

TABLE 4 



Reflective Optical Density 


Example No. 


Recording Before Crosslinking 


Recording After Crosslinking 


Before Heating 


After Heating 


Before Heating 


After Heating 


Example 12 


1.6 


1.6 


1.6 


0.24 


Example 13 


1.6 


1.6 


1.6 


0.24 


Example 14 


1.6 


. 1 .6 


1.6 


0.25 


Example 15 


1.6 


1.6 


1.6 


0.25 



EXAMPLE 16 

4-Methacryloxyhexyloxy-4'-cyanobiphenyl (2.0 g) was polymerized as a mesogen monomer by living 
anionic polymerization at 50 *C using 1.0 mg of butyl lithium as a polymerization initiator and 10 ml of THF 
as a solvent. The resulting polymer solution was purified by precipitating twice in ethyl alcohol as a poor 
solvent to recover 1.9 g of polymer liquid crystal (12) having formula (12): 

I 3 

-<CH 2 -C-^ (12) 

COO-^CH 2 ) 6 "°-0^ C ^ 



Polymer liquid crystal (12) had an Mw of about 120.000, an Mw/Mn ratio of 1.2, a Tg of about 55 *C, 
and a Ti of 115'C. 

A solution of polymer liquid crystal (12) in MEK was applied on a 100 urn thick aluminum-deposited 
PET film with a blade coater and dried to form a polymer liquid crystal layer having a thickness of about 5 
urn. An about 2 urn thick protective layer was formed thereon in the same manner as in Example 1 to 
prepare a recording medium. 



21 



EP 0 669 548 A1 



EXAMPLE 17 



6.0 ml of MEK as a solvent Th* ,«-„i«n« I . 9 3 P 0| y m e«M«'on initiator and 



CH, 
l 3 



C00-<CH 2 ) s _0-Q^Q.CN C00 W H 

x = 0.95 



20 50 • C 



25 



30 



35 



40 



45 



^S'SSfT ,iQUid CryS,a ' " MW ° f 9b0Ut ,8 °' 00a an Mw/Mn ™*> ° f 6.0. a T 9 of about 
in a in I ; »«, C ( des, 9 n ated polymer liquid crystal (13)). 

COMPARATIVE EXAMPLE 6 
COMPARATIVE EXAMPLE 7 

ExamlT7 me JpnTr rS K aS US6d ^ EXamP ' e 17 W6re c °P°'V^erized under the same conditions as in 



Evaluation: 



50 



live ?«* ° n 6aCh ° f the reC ° rdin9 media pre ? ared >° Ex^P'es 16 and 17 and Compara- 
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TABLE 5 



Example No. 


Polymer Liquid Crystal 


Optical Density of Recorded Image 


Mw (x10*) 


Mw/Mn 


Initial 


Preserved (50 * Cx24hrs) 


Example 16 


12 


1.4 


1.80 


1.79 


Example 17 


20 


3.2 


1.70 


1.69 


Comparative Example 6 


14 


5.5 


1.80 


1.05 


Comparative Example 7 


22 


6.1 


1.70 


0.95 



The recording layer of Examples 16 and 17 undergoes substantially no change in optical density when 
preserved at 50 'C for 24 hours. When observed with the naked eye, the recorded image (silver image) 
showed no change from the initial stage. On the other hand, the recording layer of Comparative Examples 6 
and 7 showed a considerable change in optical density when preserved. When observed with the naked 
eye, the image area got turbid, indicating a great reduction in contrast. Observation of the image area of the 
recording layer of Comparative Examples under a polarizing microscope revealed formation of minute 
domains having optical anisotropy (birefringence), lending conformation to the formation of glassy domains 
of liquid crystal phase. In Examples, such an optically anisotropic domain was not observed, proving that 
the image area remained in an isotropic glassy state. 

It is apparent from these observations that a recording layer comprising a polymer liquid crystal having 
a narrow molecular weight distribution is capable of forming an image having greatly improved heat 
stability. 

In one embodiment of the optical element and the optical recording device according to the present 
invention, a polymer liquid crystal composition having a stable and optically anisotropic multi-domain 
structure which is formed by crosslinking a composition essentially comprising a polymer liquid crystal is 
used as a recording layer. Therefore, the optical element and optical recording device of this embodiment 
are excellent in rapidness, stability, and reproducibility in conducting recording/display/erasure of informa- 
tion. The optical element of this embodiment is useful as an optical recording medium, a display medium, a 
light modulating element, or a reversible heat-sensitive recording medium. 

In another embodiment of the optical element and the optical recording device according to the present 
invention, a polymer liquid crystal comprising a copolymer of at least a mesogen monomer unit and a non- 
mesogen monomer is crosslinked so that at least a liquid crystal component and a non-liquid crystal 
component form the respective phases to provide a stable multi-domain structure. The optical element and 
the optical recording device of this embodiment are therefore excellent in rapidness, stability, and 
reproducibility in conducting recording/display/erasure of information. The optical element of this embodi- 
ment is useful as an optical recording medium, a display medium, a tight modulating element, or a 
reversible heat-sensitive recording medium. 

According to the image formation method of the present invention, an image showing no light scattering 
properties is formed on an optical element comprising a light scattering polymer liquid crystal composition, 
and the composition is then crosslinked to make the image unerasable. Accordingly, the method makes it 
possible to obtain an optical element having both an unerasable image and an erasable image. 

Further, the recording medium according to the present invention which uses a polymer liquid crystal 
having a specific narrow molecular weight distribution as a recording layer is excellent in sensitivity 
characteristics, display contrast and image preservability and is expected to find broader application. 

While the invention has been described in detail and with reference to specific examples thereof, it will 
be apparent to one skilled in the art that various changes and modifications can be made therein without 
departing from the spirit and scope thereof. 

Claims 

1. An optical element comprising a polymer liquid crystal composition having an optically anisotropic 
multi-domain structure which is formed by crosslinking polymer liquid crystal composition, 

2. An optical element as claimed in claim 1, wherein said multi-domain structure has such a domain size 
distribution that the domain diameter at the maximum in the frequency distribution of domain diameter 
is not greater than 3 urn. 
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3. An optical element as claimed in claim 1, wherein said multi-domain structure has such a domain size 

lhe — domain — - - 

" IS "gr oT" " C ' aim 1 ' ^ ^ P ° ,ymer "** • copo^r 

5 ^rii^ra^rr^.^ said — is — - » « ~— 

6 ' , A n n nnil Ca ' 38 ° ,aimed C ' aim wherein said ,ic > uid crystal composition comprises a 

IT*? l p ° lymeri2ab,e mes °9 e " impound and a polymerizable compound having Treacive 
group or an addition-polymer of an addition reactive meson compound and an add.C reaS.Ve nr 
mesogen compound having a reactive group to a reactive polymer 

? ' r A Lil Cal fT' 38 °' aimed in C ' aim h Wherein said lic < uid crystal composition comprises a 
copolymer of polymerizable mesogen compound, a polymerizable non-mesogen compound hTna a 
react™ group and a polymerizable non-mesogen compound having no reactive group 

An optica, element as claimed in claim 1, wherein said element comprises a substrate havinq thereon 
the crosslmked polymer liquid crystal composition and a protective layer thereon 

9 ' mnl Ptl , Cal e, T? 1 38 ° ,aimed in C ' aim Wherein said po| y mer c ^stal has a weight averaoe 
molecular weight to number average molecular weight ratio (Mw/Mn) of not more than 4.0 9 

10. An optical element as claimed in claim t, wherein said optical element comprises a substrate and a 
ayer which ,s formed by molding said polymer liquid crystal having a weight average moleclr weioN 

^irzr ecu,ar wei9ht ratio ^ ° f - — - « - ^ cSss 

SiW^TT 1 ° b,ained bV SUbjeCtin9 3 P ° ,ymer ' iqUid Crystal c °^P^ition to heat treatment to 
control^ mu.t.-domain structure and crosslinking said composition while reacting said multi-domaL 

12 * «LTT T^TJ !f C ' aimed in C ' aim 1 1 ' Wherein Said ™'ti- d °™in structure has such a domain size 
t^Z£t~" di3meter 3t ^ ^ * d o~S 

13. .An optical element as claimed in claim 11, wherein said polymer liquid crystal composition comprises a 
copolymer conla.ri.ng a liquid crystal monomer and a non-liquid crystal monomer. com P" ses « 

14. An optical element as claimed in claim 11, wherein said heat treatment is carried out at a temperature 
at wh.ch sa.d polymer liquid crystal composition exhibits a liquid crystal phase. tem P^ature 

15. An optical element as claimed in claim 11, wherein said crosslinking is carried out at a temperature not 
h.gher than the liquid phase-isotropic phase transition point of said p'o.ymer liquid c^sVlZZZn 

16 ' t?h?a?,Tea?me P nt^ C c n 0 n t an . ° P,iCa ! e ' ement C ° mpriSin9 Sub * ctin 9 a P ol V™ crystal composition 

:*T*TZ1 lei a a,n structure and cross,inkin9 said composition whi,e ^ 

17. An optical element comprising a polymer liquid crystal composition, wherein said composition has 
prevwusly formed thereon an unerasable image by forming an image having no SghTscalrina 

sTd P fma e Q S e °h n a at "IT* * "* ° PtiCa ' 3nd then Cr0SSlink ^ said composition o m e 

sa.d .mage having no light scattering properties unerasable. 

a on t >T, a9 f f ° r 7 ti0n me ' h0d COmprisin 9 formi "9 an image having no light scattering properties on an 
optical element comprising a light scattering-polymer liquid crystal composition and then crosslinking 
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said composition to make said image having no light scattering properties unerasable. 

19 An ootical element as claimed in claim 17. wherein said formation of an image having no light 
^cat er ng p peL is carried out by heating a. least part o. the optica, Cement to a temperature . not 
~ tower than the liquid phase-isotropic phase transition point .of said compos.t.on followed by coohng 
rapidly to a temperature not higher than the glass transition point of said composition. 

20. An optical element as claimed in claim 17. wherein said unerasable image has an optically isotropic 

stage. 

21 An optical element as claimed in claim 17, wherein said crossiinking is carried out at a temperature not 
higher ^ SliquW phase-isotropic phase transition point of said polymer liquid crystal compos.t.on. 

22 An optical element as claimed in claim 17. wherein said polymer liquid crystal is a copolymer 
compSg at least a mesogen monomer unit and a non-mesogen monomer unit and sa.d compos.t.on 
containing said polymer liquid crystal has a multi-domain structure. 
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